Introduction
[2] Atmospheric aerosols from both anthropogenic (e.g., sulfate, biomass burning smoke, black carbon) and natural sources (e.g., mineral dust and sea salt) introduce large temporal and regional variabilities in the heat balance of the Earth by (i) scattering and absorbing solar radiation, (ii) absorbing and emitting some terrestrial infrared radiation, and (iii) their ability to nucleate cloud droplets [Kaufman et al., 2002a, and references therein] . The global radiative forcing due to aerosols is roughly À1.6 ± 1.3 Wm À2 , which nearly compensates the mean global radiative forcing of 2.4 ± 0.3 Wm À2 due to greenhouse gase warming [Intergovernmental Panel on Climate Change, 2001] . The way in which these effects are considered using observed data in climate models and remotely sensed ocean color algorithms is fundamentally important for the understanding of long-term impacts of aerosols on future climate change, and the retrival of more realistic ocean bio-optical products [Gao et al., 2001; Moulin et al., 2001a] . Even though globalscale monitoring programs, recently initiated using a surface-based network of observations ], have improved our knowledge on aerosol optical properties, aerosol forcing is still poorly defined in climate change simulations [Tegen et al., 1996; Heintzenberg et al., 1997; Hansen et al., 2000] as well as in the scope and accuracy of satellite remote sensing products [Kaufman et al., 1997; King et al., 1999] . For example, the standard SeaWiFS algorithm fails to retrieve chlorophyll concentrations and aerosol optical properties during dust events having aerosol optical thickness values greater than 0.3. The corresponding pixels are discarded in the processing procedure [Wang et al., 2000] . In particular the Mediterranean atmosphere, often loaded by Saharan desert dust from the south and by urban and anthropogenic-based aerosols derived from the continental landmass to the north, offers a challenge in terms of filtering the enhanced absorption in the blue and the enhanced backscattering in the green parts of visible spectrum with respect to their background values in the absence of dust outbreak events [Claustre et al., 2002] .
[3] The global Aerosol Robotic Network (AERONET) operated by the NASA Goddard Space Flight Center ] has been collecting near-real time data over 100 sites covering many climatically important regions worldwide for almost a decade. Ground-based measurements involve the collection of spectral data of direct Sun radiation extinction (i.e., aerosol optical thickness), and angular distribution of sky radiance, the combination of which allows retrieval of various aerosol optical properties using an inversion algorithm . These data began to provide systematic identification of globally distinct aerosol optical characteristics, representing biomass burning, urban, oceanic and desert sites, boreal forests, midlatitude dry and humid climates [Eck et al., 1999; Holben et al., 2001; Tanre et al., 2001; Dubovik et al., 2002a; Smirnov et al., 2002a] , as well as their detailed description of daily to seasonal variations at specific sites such as the Canary Islands ], sub-Sahel West Africa [Pinker et al., 2001] , the Maldives [Eck et al., 2001] , and the Persian Gulf .
[4] Similar measurements, though still limited in duration and coverage, are emerging for the Mediterranean region. Sde Boker, in the Negev Desert of Israel, is the longest running station [Ichoku et al., 1999; Formenti et al., 2001a Formenti et al., , 2001b Andreae et al., 2002] . Other relevant studies have been based on short-term dedicated field campaigns conducted at Crete and in the Aegean Sea Sciare et al., 2002; Formenti et al., 2002a Formenti et al., , 2002b Bardouki et al., 2003] , and Sun photometer measurements at several North African and coastal sites around the central and western Mediterranean Sea [Masmoudi et al., 2003a [Masmoudi et al., , 2003b . The present study complements these efforts by means of continuous surfacebased Sun photometer measurements at a coastal site along the northeastern Mediterranean. All aerosol optical data from the region, when pooled together, provide a database which will allow improvements in the regional dust correction algorithm [Moulin et al., 2001a [Moulin et al., , 2001b . A brief overview of the data collection and retrieval procedure for the sun/sky radiance measurements are presented in section 2. Section 3 provides background information on general characteristics of Saharan dust transport over the Mediterranean. Regional aerosol optical characteristics are described in section 4. They include the monthly variations of aerosol optical thickness and Å ngstrom coefficient for identification of major dust outbreaks (section 4.1), and an in-depth analyses of some specific events (section 4.2). Conclusions are given in section 5. Complementary information on aerosol chemical composition at the measurement site and some aspects of regional meteorological conditions can be found in Kubilay and Saydam [1995] , Kubilay et al. [2000 Kubilay et al. [ , 2002 , Ö zsoy et al. [2000, 2001] .
Data Collection and Retrieval
[5] Optical properties of aerosols were measured at the campus of Institute of Marine Sciences (IMS) of the Middle East Technical University (METU) near the rural town of Erdemli, situated along the southeastern coast of Turkey at 36°33 0 N and 34°15 0 E. This site is known as the IMS-METU-ERDEMLI site in the AERONET program. The measurements described in the present work cover a 17 month monitoring period starting at the begining of January 2000 and terminating in mid-June 2001, and were acquired by the CIMEL Sun photometer. The details of instrumentation, data acquisition and retrieval procedures have been described previously by Holben et al. [1998] , , and . A brief description is, however, provided here for completeness. The direct sun radiance measurements were repeated every 15 min by the automatically tracking radiometer at four spectral bands (440, 675, 870, and 1020 nm) . The sky radiance almucantar measurements were also acquired at these four spectral bands. Observations were then transmitted near-real time via satellite to the Goddard Space Flight Center, Maryland in the USA, where they were processed following the methodology of . The daily mean values of the aerosol optical thickness (AOT), the Å ngstrom coefficient (AC), the single-scattering albedo (SSA), and real and imaginary parts of the refractive index (REFR, REFI) were then retrieved at these four wavelengths. The total uncertainty in AOT measurements, being slightly higher in the UV wavelengths, is of the order of ±0.02, which is around 10% of typical aerosol loading with AOT $ 0.2. For desert dust loading with AOT(440nm) > 0.5, the accuracies are SSA $ 0.03, REFR $ 0.04 and REFI $ 40% . The accuracy levels drop down to SSA $ 0.05 -0.07, REFR $ 0.05 and REFI $ 80-100% at lower desert dust loading characterized by AOT(440nm) < 0.2. Therefore the accuracy of AERONET retrieval decreases for low-aerosol loading; the most serious error is introduced for imaginary (absorption) part of the refractive index, which might however be reduced, to some extent, according to the intercalibration procedure suggested by Kaufman et al. [2002b] . The error in particle volume size distribution remains within 10% of the maxima, and 35% for minimum values for intermediate size range from 0.1 to 7.0 mm. The error, however, rises up to 80% for particle sizes smaller than 0.1 mm or larger than 7.0 mm . Moreover, extensive testing of the inversion algorithm has shown the sensitivity of AERONET retrievals to dust particle nonsphericity. The assumption of nonsphericity was reported to generate higher concentrations of very small particles with radius less than 0.1 mm, as well as stronger spectral dependence of the real part of the refractive index. A new, revised retrieval algorithm eliminates most of these artifacts, and will be incorporated in our future studies. Following the observations by Tanre et al. [2001] , the choice of the algorithm is not critical in the present study, since we deal with specific dust events dominated by particles on the order of 1 mm or higher and by the AOT values greater than 0.5.
[6] Air mass back trajectories (72 hours), provided by the European Center for Medium Range Weather Forecasts (ECMWF), were utilized to show transport routes of air masses ending at 1000, 850, 700, and 500 hPa pressure levels at the sampling site. They were complemented by aerosol index data provided by the Earth Probe/Total Ozone Mapping Spectrometer (EP/TOMS) and are utilized to designate the specific dust sources around the eastern Mediterranean during specific dust outbreak events Torres et al. 1998 ].
General Characteristics of Desert Dust Transport Over the Mediterranean Sea
[7] An extensive number of studies [Moulin et al., 1998; Kubilay et al., 2000; Ö zsoy et al., 2001; Israelevich et al., 2002 , and references therein] have described the way in which desert dust from North Africa (i.e., Sahara desert) is transported over the Mediterranean. Moulin et al. [1998] identified three basic modes of dust transport over a year depending on the major paths of travelling cyclones. Spring months were shown to be generally characterized by the formation of the so-called Sharav cyclones along North Africa from its western to eastern boundaries. These cyclones are principally formed by differential heating between relatively colder oceanic waters to the north and warmer landmasses to the south. They then prefentially travel eastnortheastward mobilizing massive amounts of Saharan dust into the eastern Mediterranean atmosphere [Alpert and Ziv, 1989] . The frequency and intensity of eastward travelling cyclones gradually reduces in the summer months as those developing in the western part of the Sahara are blocked by high-pressure systems over Libya (central North Africa). The associated dust transport is then preferentially oriented toward the central and western Mediterranean [Martin et al., 1990; Moulin et al., 1998 ]. Therefore only those cyclones from the eastern-Sahara provide mineral dust to the eastern Mediterranean atmosphere by low-level southerly transports. As southerly transports continue to supply desert dust to the eastern Mediterranean atmosphere in autumn, the development of low pressures near the Balearic Islands on the western side of North Africa direct the major pathway of dust transport toward the western Mediterranean. Less frequent dust transport events from Middle Eastern sources are also encountered in the region during the autumn [Dayan et al., 1991; Kubilay et al., 2000] . The impact of dust transport to the Eastern Mediterranean region greatly diminishes in winter principally due to frequent precipitaion in the region.
[8] The four year mean aerosol dust distribution inferred by TOMS aerosol index data from August 1996 to April 2000 [Israelevich et al., 2002] suggests that the whole Northern African atmosphere is permanently loaded with significant amounts of desert dust during April -August. The highly energetic Sharav cyclones easily mobilize dust, and transports it eastward along the Mediterranean basin with a typical speed of 7 -8 degrees of longitude per day, particularly during the spring months. The Saharan dust supply generally continues until the end of August with decreasing intensity and frequency. A very similar seasonal structure was also reported by the analysis of daily Meteosat visible images during 1994 [compare Moulin et al., 1998, Figure 2] . The 33 yearlong climatological data along the coast of Israel in the eastern Mediterranean also supports the maximum occurence of Saharan dust events in the spring months [Ganor, 1994] .
[9] Our findings for the years 2000 and 2001 also support this general picture of dust transport. In spring, the northeastern Mediterranean tends to receive dust supplies from the entire Saharan desert. The dust outbreaks then mainly originate from the central-eastern Sahara in summer, and the Middle East-Arabian peninsula in autumn. Contributions from urban-industrial aerosol intrusions into the region from the Eastern Europe, Balkan area, and Anatolia also prevail during summer-autumn months. Some examples of these cases are provided in the following section.
Aerosol Optical Properties at Erdemli

Seasonal-to-Daily Variations
[10] The seasonal variation of monthly mean AOT at the wavelength of 870 nm (Figure 1a ) exhibited a bimodal Gaussian distribution with relatively higher values during the warmer half of the year. The primary peak (0.29 ± 0.32) occurred in April, the secondary peak (0.20 ± 0.12) in August, and AOT gradually decreased after September toward minimum values of around 0.10 in winter months (December, January, February). A similar trend was also observed for their standard deviations; high mean values were generally associated with similarly high-standard deviations, suggesting strong day-to-day variations in aerosol loading. Such variations were particularly apparent in April due to changes in the intensity and frequency of dust transport, variations in air mass trajectories transporting aerosols from different source regions (primarily North Africa, Middle East and continental Europe and Anatolian peninsula) to the measurement site, as well as changes in the wet and dry depositions associated with local meteorological conditions.
[11] The pronounced short term temporal variability of AOT at the wavelength of 870 nm during both 2000 and 2001 for the spring months is depicted more clearly in Figure 1b . The peaks of the order of 1.0 and even higher up to 1.85 observed during April 2000 signify short-lived intense dust storms. The predominance of large mineral dust particles characterizing these particular storms is supported by the corresponding Å ngstrom coefficient (AC) values as low as $0.25, computed from the AOT measurements at 870 and 440 nm. Such distinct spring dust transports originate from low-level cyclogenesis taking place over North Africa. High winds and strong convective processes cause lifting of mineral dust particles into the atmosphere, which are then transported along the route of cyclones toward the northeastern Mediterranean, as suggested by air mass back trajectory analyses described in the next section. The secondary dust-dominated aerosol loading during summer months, suggested by somewhat higher AC values of 0.75-1.0, reflects a more heterogeneous vertical structure formed by different layers of mineral dust and other marine biogenic emissions and urban/industrial aerosol particles present at different altitudes; an example of which is also presented in the next section. Dust dominated aerosol events over Erdemli are observed less frequently during autumn and early winter months.
[12] The Å ngstrom coefficient versus AOT plot given in Figure 1c indicates three different modes of aerosols. Mode 1 identified by large AOT (>0.5) and low AC (<0.5) values represent the strong spring desert dust transport events mainly from North Africa. Mode 2 yields essentially summer-time dust transports with AOT values varying between 0.20 and 0.50. These events are dominated either by relatively coarse particles of dust with AC < 1.0 (Mode-2A), or by fine particles from other sources with AC > 1.0 (Mode-2B). Mode 3 represents the background aerosol content with AOT < 0.20 dominated mainly by fine particles (AC > 1.0) from anthropogenic, biogenic and biomass combustion aerosols. The prevailing contribution of fine particles to the summer period aerosol optical thickness (i.e., Mode 2B) is also suggested by the primary monthly mean AOT peak at the wavelength of 440 nm in August (Figure 1d ).
Selected Dust Outbreak Episodes
[13] In order to illustrate in more detail the impacts of dust outbreaks from distinctly different sources on eastern Mediterranean aerosol optical properties, three dust intrusion events are presented. The event taking place in April 2000 is representative of ''intense'' dust transport from the Saharan desert. The October 2000 dust event provides an example of a ''moderately strong'' dust intrusion derived from the Middle East-Arabian peninsula. The August 2000 event, on the other hand, reflects a temporal accumulation of more heterogeneous aerosol material comprising Saharan and Middle East dust inputs as well as urban-industrial aerosol material from the north, i.e., the Balkans, Ukraine and Anatolia. The most pronounced daily aerosol optical thickness peaks characterize these three events, as indicated in Figure 1b [14] The event in April represents one of the heaviest dust incursions encountered during the measurement period. The TOMS aerosol index distribution together with three-day back trajectory analysis suggested initiation of dust mobilization from western-central Sahara by 29 March (Figure 2a) . A major cyclonic dust storm then started supplying Saharan dust from northern Libya and Egypt to the eastern Mediterranean atmosphere at levels from 1000 to 500 hPa (Figures 2a -2c) . The TOMS aerosol index distribution for 31 March 2000 (Figure 2e ) indicated that considerable dust mobilization had already took place in the region associated with this particular cyclonic activity. The depression then passed through the measurement site toward the Middle East during 2 -3 April. Thus dust supply from the Middle East also contributed to the dust accumulation in the region (Figure 2d ). Figure 3a illustrates the spectral aerosol optical depth variations during this particular heavy dust episode. On March 30, the background AOT values of around 0.2 started increasing to about 1.30 on 1 April and 1.85 on April 3. Dramatic changes of the Å ngstrom coefficient values from >1.30 down to 0.07 ( Figure 1b) together with neutral spectral dependence of AOTs on 2 -3 April (Figure 3a ) indicated the composition of this dense dust cloud with coarse particles larger than $1 mm (Figure 3c ).
[15] Single scattering albedo (SSA) was subject to considerable changes during the dust event (Figure 3b) . Values around 0.90 (with slightly higher values at shorther wavelenths) prior to its initiation increased up to 0.97 (with Figure 1c correspond to the different aerosol modes signifying strong spring Saharan dust intrusions (dots), weak-to-moderately strong summer dust intrusions (stars), and background aerosols in the absence of any aerosol intrusion event (squares).
slightly lower values at shorther wavelenths), being consistent with other values cited in the literature for desert dust [Shettle, 1984; Pinker et al., 2001; Dubovik et al., 2002a; Smirnov et al., 2002b] . The SSA values then reduced around 0.90 at shorther wavelengths and below 0.90 at longer wavelengths following termination of the dust event.
Relatively higher values at the time of the dust event were associated with their weak absorption (in other words, highscattering) characteristics as compared to the aerosols from anthropogenic sources and biomass burning . Moreover, SSA exhibited some wavelength dependence before and after this dust outbreak event; being lower at higher wavelengths, characteristic of both biomass burning and anthropogenically derived aerosols. In particular, the range of variations on 10 April, a week after the dust outbreak event, extended from 0.82 at 870 nm to 0.91 at 440 nm. Although not quite evident in our data, the available literature suggests an opposite wavelength dependence during desert dust episodes (higher values at longer wavelengths) due to the increased contribution of scattering from coarse dust aerosols [Pinker et al., 2001; Eck et al., 2001; Dubovik et al., 2002a] .
[16] Aerosol volume size concentration revealed two different types of distributions prior to and at the time of the outbreak event (Figure 3c ). During 30-31 March, fine particles composed the major size group with radii between 0.06 and 0.6 mm, the majority concentrated around $0.15 mm. The coarse fraction consisted of particles larger than 0.6 mm (up to 15 mm) with particle sizes mainly between $1.0 mm and 6 mm. The columnar volume size concentrations for coarse and fine particles increased from 0.03 and 0.02 mm 3 mm
À2
, respectively, during 30 March to around 1.0 and 0.3 mm 3 mm À2 during 3 April, when a huge amount of desert dust accumulated at the measurement site. At the time of the dust outbreak, the coarse particle mode covered a broader size range larger than 0.2 mm with the major part of the columnar volume concentration formed by particles in the 1.0-to-5.0 mm size group. The volume concentration of the fine particle mode, on the other hand, was formed by particles with a radius of around 0.05 mm. Three-to-four days later, the volume size concentration of the coarse mode reduced an order of magnitude to values less than 0.15 mm 3 mm
, and finally reverted back to background levels of 0.02 mm 3 mm À2 on 10 April, which is comparable to that prior to initiation of the dust outbreak event.
[17] The indices of refraction (with n(l) for scattering and k(l) for absorbing parts) at three wavelengths (440, 670 and 870 nm) prior to dust outbreak (31 March), during the dust break event (3 April), and after the termination of the event (10 April) are shown in Table 1 . Before the intense desert dust loading, n(l) acquired its smallest values varying from 1.33 at 440 nm to 1.36 at 870 nm. When the site was influenced predominantly by coarse desert dust particles during 2 -3 April, n(l) values increased at all wavelengths, from 1.44 at 440 nm to 1.59 at 870 nm due to more efficient scattering and less absorbing capabilities of the dust particles. Once dust-dominated coarse aerosols were withdrawn from the system, the scattering index attained predust storm values. All values lie within the range of values 1.53 ± 0.05 reported for desert dust aerosols, and 1.39 ± 0.06 for urban-industrial dominated aerosols .
[18] The imaginary part of the refractive index, k(l), characterizes absorption of the medium, and varies over a wide range as a function of the mineralogy of the aerosols [Sokolik and Toon, 1999] . Generally speaking, pure desert aerosols are known to have very low absorption (in the visible) regardless of their sources as compared to highly absorbing urban aerosols. For the case of the April 2000 dust break event considered here, k(l) reduces from values of 0.002 -0.003 prior to initiation and after termination of the desert dust loading to around 0.001 at the time of dust outbreak. Close similarity between these values indicates that atmospheric aerosols at the measurement site prior to the 2 -3 April dust outbreak event should be dominated by a combination of low absorbing sea salt and dust particles as a remnant of previous events. Moreover, k(l) tends to increase (i.e., more absorption) at longer wavelengths before and after the dust event (which is typical for urban-industrial aerosols). The reverse relationship, holds at the time of desert dust intrusion, and k(l) decreases at longer wavelengths. These values lie within the range 0.0006 -0.003 reported by Dubovik et al. [2002a] for different aerosol types measured at different regions.
October 2000: A Moderately Strong Desert Dust Event From the Middle East-Arabian Peninsula
[19] During October 2000 dust events, aerosols are primarily transported to the measurement site from the Middle East desert. The 3-day back trajectory analysis suggests eastward progression of a cyclonic system over Anatolia during the first week of October (Figure 4) . The system traveled first in the northward direction (Figure 4a ) and then veered gradually to the eastward direction during 1 -4 October (Figure 4b ), seems to give rise to only a limited aerosol loading from Anatolia at the measurement site. AOT was typically characterized by a value of 0.25 at 440 nm, and about 0.10 at higher wavelengths during this phase (Figure 5a ).
[20] As the system was displaced further east, the mineral dust loading arrived from the Middle East and Arabian Peninsula during the subsequent two days (i.e., 5 -6 October) preferentially between 1000 -700 hPa, with some additional contribution from northwestern Africa at around The variable n(l) denotes the real part representing scattering, and k(l) denotes the imaginary part representing absorbing and must be multiplied by 10
À3
. 500 hPa level (Figure 4c ). These two separate source regions are depicted in Figure 4e by the TOMS aerosol index distribution. Subsequently, the region is influenced at all levels by westerly air masses over the Mediterranean during the following few days (Figure 4d ). The desert dust supply during 5 -6 October caused an increase in AOT up to about 0.50, and a corresponding reduction in AC from 1.5 to 0.21 (cf. Figure 1b) . Both AOT and SSA did not possess any appreciable wavelength dependence during this period. The weakly absorbing and strongly scattering character of the Middle East desert dust was noted by an increase of SSA up to 0.99 from its values of 0.93 at 440 nm and 0.85 at 870 nm on 4 October prior to the dust outbreak event (Figure 5b) . SSA values reverted back to their pre-dust levels immediately after termination of the dust event.
[21] The scattering part of the refractive index attained values of about 1.50 during the dusty period, as compared to slightly lower values around 1.35 -1.40 in the absence of a dust intrusion (Table 2 ). While these values are similar to those of the April 2000 case (cf. Table 1), the absorbing part of the refractive index reveals a greater range of variability from 0.0005 during the dusty period up to 0.005 ± 0.001 (signifying urban aerosol type) prior to dust outbreak event ( Table 2 ). The absorption index value of 0.0005 is smaller than those of 0.0015 ± 0.0005 reported for the April 2000 Saharan dust event. The value of 0.0005 is in fact the default minimum value set in the algorithm as a value indistinguishable from absolute zero . Given the error range of 50-80% for the imaginary part of the refractive index, and of 0.03 -0.04 for SSA at AOT > 0.5 at all wavelengths (cf. Section 2), it is thus possible to state that the difference between 0.0005 and 0.0015 is a geniune feature, and reflect different mineralogical character of the North Africa and Middle East desert dusts [Sokolik and Toon, 1999; Caquineau et al., 2002] .
August 2000: The Mixed Aerosol Event
[22] The third category of dust event is exemplified by an occurrence taking place during 10-12 August 2000. This event was characterized by variable aerosol intrusions at different altitudes. During 2 -8 August, the dominant airflow into the region was directed from the north over the Ukraine, the Black Sea and Anatolia at all levels (Figures 6a  and 6b ). Northerly flow in the lower troposphere is a typical feature of this season, and is induced by a strong east-west pressure gradient between the quasi-permanent Azor high and Asian low-pressure systems. At the upper levels, the prevailing winds may, however, occasionally switch to The variable n(l) denotes the real part representing scattering, and k(l) denotes the imaginary part representing absorbing and must be multiplied by 10 À3 .
westerlies. The impact of such a flow system on the transport of air pollution during August 2001 has been recently studied by Lelieveld et al. [2002] . During 2 -8 August 2000, this system was unable to introduce an appreciable dust loading to the measurement site as implied by low AOT values less than 0.25 and high AC values of $1.40 (Figure 7a ). Large spectral variability of SSA from 0.85-0.90 at 440 nm to 0.77 -0.80 at 870 nm during this period (Figure 7b ) as well as an order of magnitude higher values of the absorption index around 0.01 (Table 3 ) reflect the urban-industrial character of the dominant aerosols, with additional contributions from marine biogenic activities and forest fires in the region. Mixed nature of aerosol composition was independently confirmed by in situ chemical measurements conducted at various locations around the eastern Mediterranean [Formenti et al., 2001a; Sciare et al., 2002; Kouvarakis et al., 2002; Kubilay et al., 2002] .
[23] The influence of an Azorean high-pressure system providing northerly air flow persisted near the surface during 9 -12 August (see 1000 hPa trajectory in Figure 6c ). The orientation of the flow at intermediate altitutes (shown by 850 and 700 hPa trajectories in Figure 6c ), on the other hand, changed from north to southeast bringing dust into the region from the Middle East. At higher altitutes (see 500 hPa trajectory in Figure 6c ) Saharan dust is transported toward the measurement site. These two specific dust sources are clearly evident in the TOMS aerosol index data (Figure 6e) . ; the volume concentration of the coarse mode is therefore appreciably lower with respect to the previous two cases.
[24] Once high-level Saharan dust transport was terminated by the deflection of the 500 hPa air mass trajectory toward the north over the Mediterranean Sea during 13-14 August, the signature of the Saharan dust weakened at the measurement site. Similarly, the dust supply from the Middle East was terminated during the same period. Then, the aerosol optical characteristics once again reflected the urban-industrial signature; see, for example, changes in the absorption index values to the range of 0.011 -0.016 during 16 August in Table 3 , and decreases of single scattering albedo and AOT below 0.90 and 0.2, respectively.
Summary and Conclusions
[25] The aerosol optical measurement program recently initiated at a coastal rural site (IMS-METU-ERDEMLI) has provided a better understanding of dust optical characteristics in the northeastern Mediterranean. The study period extended from January 2000 to June 2001, and was characterized by frequent dust outbreaks from different sources around the region; with mineral dust being responsible for most of the variability in the aerosol optical properties. In particular, an increase in the volume concentration of coarse size particles was apparent, giving rise to more enhanced aerosol column extinction and light scattering, and reduced absorption at all wavelengths. The most intense dust events occurred during April for both 2000 and 2001. These dust events originated all over the Sahara and were transported to the measurement site at all altitudes. In summer and autumn months, long-range dust transport from the western-central sectors of North Africa are limited, and dust events generally occur at higher altitudes (700 hPa and higher) originating mainly from the nearby Middle East. Urban-industrial aerosols, advected at low-pressure levels (below 850 hPa) from Eastern Europe, the Balkan region and Anatolia by prevailing northerlies, introduced drastic changes for columnar optical characteristics depending on their relative contributions. When compared to the spring dust episodes, these events are identified by a lower aerosol optical thickness (<0.5), a higher Å ngstrom coefficient (>1.0), higher absorption and an increased contribution of the fine mode to volume size spectra.
[26] The lack of a satisfactory database on optical properties of aerosols presents a major uncertainty in aerosol transport models, radiative forcing simulations and atmospheric retrieval and correction algorithms, particularly in regions around major dust sources, such as the eastern Mediterranean. For the first time, the present study reports a set of values as a source of input for these models and algorithms. The value estimated for the real part of refractive index under moderate-to strong dust event is 1.51 ± 0.07 at 440 nm, varying insignificantly with wavelengths. These values compare well with 1.55 ± 0.03 measured at Bahrain (Persian Gulf), 1.56 ± 0.03 at Solar-Vil (Saudi Arabia), and 1.48 ± 0.05 at Cape Verde . For the imaginary part of the refractive index, our measurements suggest 0.0012 ± 0.0007 at 440 nm and 0.00075 ± 0.00025 at 870 nm. These values, however, vary to some extent depending on the origin of dust; Saharan dust has a higher absorbing and lower scattering signature as compared to that from the Middle East. The corresponding values at 440 nm are 0.0025 ± 0.001 at Bahrain, 0.0029 ± 0.001 at Solar Vil, and 0.0025 ± 0.001 at Cape Verde. The single scattering albedo values found in our measurements also fit into the range of values reported by Dubovik et al. [2002a] . Dust particles possess a bimodal size distribution with effective volume mean radii 2.2 mm and 0.08 mm for coarse and fine size fractions, respectively, with corresponding columnar volume size concentrations of about 1.0 and 0.1 mm 3 mm
À2
. The fine particle size distribution characteristics however may possess some error due to the sphericity assumption adopted in the inversion algorithm.
